2-Tuple linguistic model, which is a fuzzy logic based linguistic decision-making tool, enables the use of multi-granulated linguistic variables in decision making. This property facilitates the decision-making process for decision makers (DMs) and provides a comfortable decision-making environment for them. Motivated by this advantage, this study suggests a decisionmaking methodology for a strategy selection subject. E-commerce subject is selected as an application area because of its growth in every sector as a result of the rapidly expanding new technologies. In this study, integrated SWOT analysis with group decision making (GDM) considering linguistic information is proposed. 2-Tuple linguistic model is used to normalize and aggregate them. An SME in the textile sector from Turkey has been chosen as a case study to test the applicability. The most suitable strategy for the SME business is determined with 2-Tuple decision making by FLINTSTONES program.
Introduction
The procedure of buying and selling by electronic measures is the simple definition of e-commerce. It is a basic buying and selling process, but today it budges all the structures of business models. The traditional structure of the business is transformed into a new system where technology leads the strategical decisions [1] .
The rapid growth in technology creates excellent opportunities for businesses, and it obliges the organizations to act agile to the changing environment [1] . The leading network that enables the e-commerce for organizations is the Internet which is a worldwide network built on the same standards. The massive growth in Internet helped e-commerce to develop. Furthermore, the creation of mobile platforms augmented the availability and accessibility of the internet through small devices. The mobile platforms such as smartphones and tablets increased the ability to use e-commerce easily for consumers, and such simplicity earned significant growth to e-commerce [2] .
As mentioned before, the business models change rapidly according to the environment which is profoundly affected by social and technological trends [3] . To comply with the changing environment, the organization should hold a compelling business strategy where it can examine the inner organizational structure and its outside environment.
Managing the investigation of inside and outside environment could be handled by a well-known technique called SWOT which consists of the initials of the words: strengths, weaknesses, opportunities, and threats respectively. Making evaluations with SWOT is a critical decision-making procedure which succeeds when it is performed with group decision making. Here are the studies conducted in the last five years about strategy selection with SWOT are given in Table 1 . Business strategy selection with SWOT-ANP and Fuzzy TOPSIS þ 2018 [10] Competitive strategy selection in the European banking sector ý Table 1 : Studies in the last five years about strategy selection with SWOT Motivated by the power of SWOT with GDM, this study proposes an integrated SWOT with its 2-Tuple linguistic extension to generate alternative strategies for e-commerce. Later, a selection of strategies is suggested with the 2-Tuple decision making with a software called FLINTSTONES [11] .
Year Subject GDM
The remainder of this study is as follows: Section 2 gives the preliminaries about the 2-Tuple linguistic model and its relations for group decision making. Section 3 gives the details of the suggested strategy selection methodology. Section 4 presents the case study application for e-commerce SME from Turkey, and finally, Section 5 gives the conclusion and perspectives of the study.
Preliminaries of 2-Tuple Linguistic Model

2-Tuple linguistic model is first introduced by Herrera
and Martinez in 2000s [12] . The primary motivation to generate a 2-Tuple approach for computing with words is to handle the multi-granular and nonhomogeneous data obtained from resources. Moreover, it proposes easy computational steps while translating the linguistic values into crisp numbers.
Here the essential preliminaries are given for the 2-Tuple linguistic model: ' ( be a linguistic term set, which is set composed of linguistic variables, and [0, ] a value supporting the result of a symbolic aggregation operation. Then the 2-Tuple that expresses the equivalent information to , which is a crisp number, is obtained with the following function [13] :
Here value represents the linguistic variables as a crisp number to be able to make calculations.Also, ( ) refers to classical round operation.
Let be a linguistic term set and ( be a 2-Tuple linguistic value and the reciprocal function is defined as [14] :
Where is the equivalent numerical value which belongs to [0, ]. And this reciprocal function enables the translation between the 2-Tuple linguistic values and crips values.
The linguistic term set can be transformed into 2-Tuple linguistic value by adding zero as in the following relation [14] :
The comparison of linguistic information represented by 2-Tuples is carried out according to an ordinary lexicographic order. Let ( G , D ) and J K , L Mbe two linguistic 2-Tuples, each representing a linguistic assessment [14] :
These fundamental properties of 2-Tuple linguistic model enable to apply basic operations in linguistic term sets thanks to the reciprocal function.
Furthermore, the ability to normalize and aggregate multi-granular data is another dominant characteristic for 2-Tuple model, and it is instrumental in group decision making. The definitions for aggregation and normalization process for GDM are given in the next section.
2-Tuple Sets in Group Decision Making
GDM is a participatory procedure where various individuals make evaluations, selections and decide about one subject [15] . In organizations, generally, many strategical decisions are made after a GDM process where the alternatives are assessed, and the solutions are discussed.
The 2-Tuple linguistic model enables the group members to express their opinion comfortably by proposing them linguistic scales compatible with their knowledge about the subject. Besides, it proposes multi preference expressions such as interval values, numerical values, and linguistic sets, to assess the subject. It enables to normalize non-homogeneous information to 2-Tuple form to be able to conduct calculations [14] . The necessary relations to handle multi-granular information are given as follows [14] :
Linguistic Hierarchies (LH) Approach for Multigranular data:
An LH is the union of all levels t where each level t corresponds to a linguistic term set symmetrically distributed with an odd granularity. The granularity of the linguistic term set refers to the number of variables minus one as the linguistic term set starts from zero. There is a limitation in the sets that can be used in LH since the level t+1 is generated from the following relation [16] :
where n(t) is the granularity of the linguistic term set.
The transformation function to translate linguistic term set with granularity n(t) to a linguistic term set having granularity n(t') is as follows. Eq. (4) defines the level that the n(t) can be transformed. Then, TF function calculates the 2-Tuple form of the new level.
Transformation function enables the normalization of multi-granulated information under one form. In GDM, the other challenge is to aggregate all the point of views. To manage to combine different assessments of DMs, various aggregation operators are proposed in the literature [17] , and they are widely used in decision-making field.
The following aggregation operator is Weighted Aggregation Operator (WAO). It has been chosen to be used in this study; WAO relation is computed as:
where wi values are the weights of DMs, βi values are the normalized assessments of each DM.
In the proposed methodology for strategy selection, the normalization process will be applied with Eq. (4) and Eq. (5), moreover, the aggregated final assessments will be obtained by Eq. (6).
The next section gives the detailed steps of the approach.
Proposed Methodology
The fundamental focus of this study is to select a suitable e-commerce strategy for an SME. The first step is to make an in-depth assessment of the internal and external factors of the company related to ecommerce. That evaluation helps to generate possible strategic alternatives for the company.
Furthermore, as a second step, the weighting of the selection criteria is very critical. The weights are the main guidelines to select the most appropriate strategy for the organization.
In the weighting procedure, GDM is suggested with multiple experts. Different granulated linguistic scales are proposed to each member of the group consistent with their degree of knowledge. The granularity of the linguistic scale augments as the level of knowledge increases [14] .
The proposed techniques include the use of a software program called FLINTSTONES [11] . This program enables the rapid normalization and unification of 2-Tuple linguistic variables by the same techniques given in Section 2. It also accelerates the decisionmaking process since the program drives all calculations.
Furthermore, the program enables to make linguistic decision making, to select the most suitable alternative. Figure 2 summarizes the steps of the suggested procedure.
The proposed process is a knowledge/expert-based system where the information provided for the system is coming from experienced decision makers about the subject. The reason to apply expert based system for a strategy selection subject is to accelerate the decision-making process and enable the participation of related decision makers to the decision-making procedure. Application of the implied technique for e-commerce strategy selection is given in the next section.
Application: E-commerce Strategy Selection for SME
To test the plausibility of the techniques, a case study is conducted for an SME who works in the textile industry.
The selected firm is a very young firm who manufacture its products without the participation of any other third-party firm. Its products are hand-made bags with unusual styles [18] . The SME sales its products via the internet and a design store where various designers sell their products.
Figure 2. Basic steps of the proposed methodology
However, the company wants mostly to focus on their sales from e-store, and they want to generate a suitable e-commerce strategy for them to succeed in a competitive environment.
To be able to conduct a GDM, a decision-making group is formed from two owners of the company and an academician who works about strategic management subject. To start with, three different decision makers made an in-depth evaluation of the company together. Due to the knowledge difference, different linguistic scales have been assigned to DMs. Two owners of the company evaluated in c (L-M-H), and the academician made the evaluations in d (VL-L-M-H-VH). Their linguistic sets are given in Figure  3 .
Figure 3: Linguistic sets provided to the experts
Step 1: The SWOT matrix is generated as in Table 3 .
The strengths and weaknesses related to the internal organization and the opportunities and threats related to the external environment of the company are detected with the decision-making group.
Afterward, alternative strategies are assigned within the SWOT matrix. They are also presented in Table 3 .
Step 2: Next process is the weighting of the selection criteria. In this methodology selection criteria are the ones detected in the SWOT matrix. So, it exists two levels of criteria where the first level consists of strengths, threats, opportunities, and weaknesses and the second level consists of their sub criteria detected in Table 2 .
The first and the second level criteria importance assessed separately by DMs. Table 2 gives the linguistic evaluations of each expert and the aggregated 2-Tuple values for first level criteria. Then Table 4 gives the second level criteria importance. First Eq. (3) is used to translate linguistic values into the 2-Tuple form. Later Eq. (5) is applied to normalize and afterward Eq. (6) is applied to aggregate. The weight vector for Eq (6) is 0.275 for first and second expert and 0.45 for the third expert. The weights are assigned according to the granularity of the linguistic scales. All the linguistic sets are unified at second level d . 
External Factors
Strengths (S) S1: Design advantage S11: Matchless design S12: Design similarities with well-known brands S13: Foreign brand perception S2: Marketing advantage S21: Young group of publicity agent who can use social platforms actively. S22: The owner of the company is a former e-commerce manager with job experience in well-known organizations, so he has critical business networks In Table 4 , SC columns refer to the sub-criteria, AL refers to aggregated linguistic values, and # refers to the ranking of the sub-criteria.
Step 3: This step is the selection process. At this stage, 2-Tuple linguistic decision making is applied with FLINTSTONES program.
The figures of the interface of the software during the calculations are given in Figure 4 and 5.
Later the ultimate ranking of the strategy alternatives is presented in Table 5 . 
STRATEGIES
Results and Discussion
As mentioned before, the interface of the FLINTSTONES program is shown in Figure 4 and 5.
In Figure 4 , the primary step is shown in which the data is entered in the FLINTSTONES. Figure 4 is the area for the experts' input.
Section 1 in
In this case we assigned three different experts with multiple evaluation domains ( c and d ) which are shown in Section 4. Section 2 and 3 are the sections in which the alternatives and the criteria are assigned respectively.
In Figure 5 , the results are presented with graphical presentation. According to the comparison rules given in the preliminaries, the ranking of the alternative strategies is obtained. The aggregation of experts' opinion plus the aggregation of criteria is done with Weighted Mean Operation in FLINTSTONES.
According to the results, the most suitable ecommerce strategy is selected as "WO1" which is the "Strengthen the visual publications in social media to habituate customers to the unusual design."
The evaluation of the third expert for each alternative according to the criteria is shown in Table 6 . It is given as an example for the assessments. As it is seen from This result shows that the weightinig is crucial for an healthy strategy selection since the weights have direct and essential impacts on the suitable solution. 
Conclusion and Perspectives
Today, with the high rate of growth in mobile technologies, the proportion of e-commerce in our lives has started to expand. Almost every company, try to get a good pie in the e-commerce sector; therefore, new strategies are generated to obtain a competitive advantage.
To be able to obtain and hold a competitive advantage, the organization should know itself and its environment (customers, rivals, sector) in details. Motivated by this need, this study proposes a group decision-making methodology for a strategy selection, in which a powerful self-evaluation tool, SWOT, is suggested.
This strategy selection methodology consists of three different stages where the first one is composed of linguistic GDM integrated SWOT analysis, the second step contains the weighting of the strategy selection criteria, and the last step is the ranking of the criteria.
In the last step, a software program called FLINTSTONES is selected to use to accelerate the decision-making process. This software enables us to make calculations and selections with multi-granular linguistic data. The main reason that we have proposed a software program to the selection methodology is to speed up and facilitate the decision-making process. Moreover, the program is accessible through the internet [19] , and it can be used by any organization.
To test the applicability of the suggested methodology, it is applied to an SME in the textile sector from Turkey. Two owners of the company and a one e-commerce expert are assigned as a decision-making group. The proposed steps are applied, and the results are collected.
The critical importance of the implied methodology is its rapidness through calculations and its flexible and comfortable assessment environments to its DMs. With these advantages, the techniques proposed an objective, robust and flexible selection approach for e-commerce strategy.
For further studies, this technique can be developed with larger granulated linguistic sets and different aggregation techniques to combine the criteria and the expert's opinion. Furthermore, instead of using linguistic decision making, different multi-criteria decision making tools can be applied to compare the results.
